CASCATBEL PROJECT
On 27-28th of February 2014, 1st CASCATBEL Governing Board meeting took place in Hamburg, Germany. The meeting was organized by TUHH and representatives of the 17 partners of the consortium participated in it.
The following main issues were discussed: -Current status of the project and management issues, including deliverables, publications and events organization.
12th and 13th CASCATBEL Governing Board Meetings
The 12th Governing Board Mee ng of CASCATBEL project was held on 25 th and 26 th April 2017 in Birmingham, United Kingdom. The mee ng was hosted by Aston University and it joined 23 representa ves from 12 partners. An important point of discussion was the assessment of Milestone 10, aimed to the selec on and specifica on of the op mum catalyst and opera on condi ons for bio-oil intermediate deoxygena on step.
The 13th Governing Board mee ng of CASCATBEL project was held on 28 th June 2017
in Mülheim an der Ruhr and it was hosted by the Max-Planck-Institut. 13 partners met to discuss final steps in the project. According to the available results obtained by CERTH/CPERI at pilot plant scale, the best HDO catalyst was selected.
The CASCATBEL Stakeholders Event on Advanced Biofuels was organized by partner MPIK with the collaboration of ENI and IMDEA Energy. The event was held on 29 th June 2017 in Mülheim an der Ruhr (Germany). The venue of the event was the Max-Planck-Institut für Kohlenforschung, more than one hundred years old, making it one of the Max Planck Society's oldest institutes.
The purpose of the Stakeholders Event was to join experts from industries and other stakeholders of the nanotechnology, catalyst and biofuel fields in order to present and discuss main achievements of the CASCATBEL project, so as to receive relevant feedbacks regarding the potential of project results to be commercially exploited.
The Stakeholders Event was a workshop in which external participants were carefully selected for the maximum impact of the activity. Nine external participants joined the CASCATBEL consortium including representatives from UPM Biorefining, BTG-BTL, Evonik Industries, IFP Enegie Nouvelles, Johnson Matthey, BASF, Neste, the European Energy Research Alliance (EERA) on Bioenergy and the Cluster of Excellence on Tailor-Made fuels from Biomass of RWTH Aachen University.
The external participants acknowledged the great quality and breadth of the research performed within the framework of CASCATBEL project and they expressed high interest in the current and future results of the project. Experts highlighted some critical aspects of the project such the relevance of deactivation and regeneration of catalysts, and the need to implement the utilization of the side streams of products for improving the economic and suitability of the whole value chain. They also remarked some other points to be considered in order to enhance the commercial viability of the process. The techno-economic analysis, which is being performed in WP9, will be a crucial phase in the project. Chem. Int. Ed. 2017 , 56 (9), 2334 -2339 A simple and efficient hydrodeoxygenation strategy is described to selectively generate and separate high-value alkylphenols from pyrolysis bio-oil, produced directly from lignocellulosic biomass. The overall process is efficient and only requires low pressures of hydrogen gas (5 bar). Initially, an investigation using model compounds indicates that MoCx/C is a promising catalyst for targeted hydrodeoxygenation, enabling selective retention of the desired Ar−OH substituents. By applying this procedure to pyrolysis bio-oil, the primary products (phenol/4-alkylphenols and hydrocarbons) are easily separable from each other by short-path column chromatography, serving as potential valuable feedstocks for industry. The strategy requires no prior fractionation of the lignocellulosic biomass, no further synthetic steps, and no input of additional (e.g., petrochemical) platform molecules. : 10.1002 : 10. /cctc.201700181 ChemCatChem, 2017 : 10. , 9 (11), 1985 : 10. -1991 U nderstanding the deactivation of transition-metal carbide catalysts during hydrodeoxygenation (HDO) reactions is of great importance for improving the production of the second generation fuels from biomass. Based on a combined experimental and theoretical study, we present a mechanistic model for the deactivation of molybdenum carbide catalysts during phenol HDO in the presence of water. At increased water pressure, water molecules preferentially bind to the surface, and active sites are no longer accessible for phenol. In line with first principle calculations, experiments reveal that this process is fully reversible because the reduction of the water partial pressure results in a threefold increase in conversion. The direct deoxygenation of phenol was calculated to be the most favorable pathway, which is governed by the structure of the phenol adsorption complex on the surface at high hydrogen coverage. This is consistent with the experimentally observed high benzene selectivity (85 %) for phenol HDO over MoCx/HCS (hollow carbon spheres) catalyst.
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Advanced biofuels production by upgrading of pyrolysis bio-oil Environ, 2017, 6 (4) e245 T he present work is a review on the production of bio-oils from biomass pyrolysis, with special emphasis on the different catalytic methods developed so far for the upgrading of this liquid fraction in order to significantly improve its properties, so it can be used as advanced biofuel. After a discussion of the main variables and factors affecting biomass pyrolysis, a number of processes are described here for bio-oil upgrading, including catalytic pyrolysis, esterification, aldol condensation, ketonization, and hydrodeoxygenation (HDO). All of them are featured by the use of tailored catalysts that may play different roles, such as completing depolymerization of biomass, promoting deoxygenation reactions, and favoring C-C bonds formation in order to increase the proportion of components present in the final bio-oil within the range of liquid fuels.The review highlights the challenges that must still be faced for biomass pyrolysis/bio-oil upgrading to become a commercial process. Among them, catalyst deactivation is a general issue to be considered as bio-oil has a strong tendency to polymerize, forming carbonaceous deposits on the catalysts, and contains a large share of water with acidic pH that may damage the catalyst components in liquid-phase upgrading treatments. Likewise, process integration of bio-oil upgrading treatments, through more or less complex schemes, is an aspect that should be deeply analyzed in the future as it may be a key element determining the commercial feasibility of the overall process. : 10.1016 /j.susc.2017 .06.005 Surface Science, 2017 T he adsorption and diffusion of ruthenium adatoms on the (101) surface of tetragonal zirconia was studied by means of periodic Density Functional Theory (PBE+U) calculations. The surface termination has a decisive role in determining the diffusion capability of the adsorbed Ru atoms. On the defect-free and fully dehydroxylated surface, Ru adatoms have several stable adsorption sites with adsorption energies as large as 2.5-2.9 eV However, the kinetic diffusion barriers between adjacent adsorption sites are around 0.5-0.6 eV, indicating a rather fast diffusion process. Surface oxygen vacancies, if present, strongly bind ruthenium adatoms and act as nucleation sites. On hydroxylated surfaces, the adsorption energy of Ru atoms is comparable to the dehydroxylated case, but the kinetic barriers for diffusion are remarkably higher, thus indicating that adsorbed species are less mobile in presence of surface OH groups. The effect is more pronounced for high concentrations of OH groups, since this results in hydrogen bonded hydroxyl units that further limit the diffusion process. These results indicate a possible way to increase the life-time of Ru ZrO 2 heterogeneous catalysts by tuning the level of surface hydroxylation, in order to slow down sintering of metal particles via Ostwald ripening process. 
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Volume 7, Issue 3, September 2017
Issue Editors: Eleni Heracleous, Angelos Lappas, David Serrano A thematic issue on Biomass Conversion and Biorefinery has been published with a collection of selected papers originally presented at the "Thermochemical lignocellulose conversion technologies workshop" that was held in Chalkidiki, Greece in May 2016. The workshop was organized by the Chemical Process and Energy Resources Institute (CPERI/CERTH, Greece) and Hamburg University of Technology (TUHH, Germany) in the frame of the project CASCATBEL. The workshop covered the most up-to-date technological and research advances in the field of lignocellulosic biomass valorization via pyrolysis-based routes and this is reflected on the contents of this special issue. Catalytic pyrolysis is addressed in three papers dealing with the effect of biomass pretreatment, the synthesis, and application of hierarchical zeolites and the kinetic modeling of biomass pyrolysis based on first principles. The intermediate deoxygenation of bio-oil via condensation reactions is investigated over nanostructured transition metal oxides and tailored faujasite (FAU) zeolites in the ketonization and esterification reaction, respectively. The hydrodeoxygenation (HDO) of bio-oil is addressed with DFT theoretical studies and mechanistic studies over novel Ni-and Mo-based phosphide and carbide catalysts, while experimental studies over Ni-based catalyst with real pyrolysis oil as feedstock are also presented. : 10.1007/s13399-017-0262-x Thermochemical valorization of camelina straw waste via fast pyrolysis T he present work inves gates the thermochemical valoriza on of camelina straw, which is a waste generated during the harves ng of Camelina sa va, an oilseed crop for the produc on of biodiesel or hydrotreated vegetable oil (HVO). In par cular, it is focused on obtaining bio-oil via thermal or cataly c fast pyrolysis, which would be the first stage on a sequence of chemical processes for biofuel produc on. The cataly c interference of the inorganic ma er present in the biomass was studied by preparing a batch of de-ashed camelina straw by washing with diluted nitric acid. Chemical analysis revealed this treatment effec vely removed alkaline (K and Na) and alkaline earth (Ca and Mg) metals. Pyrolysis of de-ashed camelina straw led to higher mass and energy yields of bio-oil in water-free basis (bio-oil*), but with higher oxygen concentra on. Cataly c pyrolysis over HZSM-5 was also studied in both raw and de-ashed feedstocks. This catalyst promoted mainly decarbonyla on and decarboxyla on reac ons of the pyrolysis vapors, leading to much higher gas yields and lower of bio-oil*, but with be er quality. Cataly c pyrolysis of untreated camelina straw exhibited a synerge c effect between both the inorganic ma er and the external HZSM-5 catalyst, so that bio-oil* yield was the lowest (20 wt%) due to an extensive deoxygena on (18 wt% oxygen content), which resulted in the highest HHV obtained (37.3 MJ/kg db ). Significant differences were also found on the molecular composi on of the bio-oils* with larger propor on of anhydro sugars when the biomass was deashed, while HZSM-5 strongly promoted the forma on of oxygenated aroma cs and aroma c hydrocarbons. : 10.1007/s13399-017-0266-6 H ierarchical ZSM-5 and Beta zeolites, loaded with MgO and ZnO, have been explored for the cataly c fast-pyrolysis of eucalyptus woodchips. These materials exhibit a high dispersion of the MgO or ZnO phases, which is probably due to the presence of a hierarchical porosity with both micro-and mesopores in the zeoli c supports. The incorpora on of these metal oxides led to a significant reduc on in the textural proper es and to changes in the acidic proper es of the parent zeolites. Thus, a decrease in the concentra on of Brønsted acid sites was observed, which was accompanied by the genera on of addi onal Lewis acid sites with medium strength. In addi on, the incorpora on of metal oxide promotes the forma on of significant amount of basic sites, especially for the samples loaded with MgO. Cataly c fast pyrolysis experiments of eucalyptus woodchips were performed in a fixed bed reactor at 500 °C and atmospheric pressure under a nitrogen flow. In comparison with non-cataly c fast pyrolysis, the use of zeoli c catalysts caused a decrease in the bio-oil* (water free basis bio-oil) produc on due to enhanced forma on of gases, as well as coke deposi on on the catalyst. However, the quality of the bio-oil* was enhanced since the catalysts were able to decrease its oxygen content. In this way, h-ZSM-5-based catalysts showed a clearly deeper deoxygena on degree compared to those having h-Beta as support, with very low content of anhydro sugars and the forma on of a significant amount of aroma cs. Regarding the effect of the metal oxide phase, MgOloaded samples provided bio-oil* with enhanced energy yields and lower oxygen content, probably due to the adequate balance of Lewis acid and basic sites. Likewise, significant differences were observed among the catalysts regarding the deoxygena on pathways and the compounds families present in the bio-oil*. Exploring the stability and reactivity of Ni 2 P and Mo 2 C catalysts using ab initio atomistic thermodynamics and conceptual DFT approaches Ángel Morales-García*, Junjie He, Pengbo Lyu, Petr Nachtigall DOI: 10.1007/s13399-017-0278-2 T he stability and reac vity of Mo 2 C and Ni 2 P surfaces with different termina ons are systema cally inves gated by means of ab ini o atomis c thermodynamics and conceptual DFT approaches as a func on of the chemical poten al (μ). Five surfaces labeled as (001)-Mo-1, (110)-Mo/C, (001)-Ni 3 P 2 , (001)-Ni 3 P 2 -P, and (001)-Ni 3 P 1 emerge as the most stable ones for Mo 2 C and Ni 2 P catalysts depending on μ C and μ P , respec vely. The Fukui func on, a reac vity descriptor, reveals that the metal atoms interact preferen ally with nucleophilic adsorbates such as H 2 S. Here, our study predicts that a high concentra on of C and P atoms on the surface reduces the cataly c ac vity where nucleophilic species are involved. The qualita ve agreement between the nucleophilic Fukui func on (f + ) and the adsorp on energies indicates that the Ni 2 P catalyst is, in general, more reac ve than Mo 2 C catalyst. This study may help to improve and op mize the cataly c processes, such as the hydrogena ons HDO and HDS, where Mo 2 C and Ni 2 P catalysts are involved.
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